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he world has just lost its
I greatest scientific mind.
On April 18th, Albert Ein-
stein died in his sleep from
complications with an infection.
Einstein was 76 years old. No
other man had ever looked as
closely at the Universe than Ein-
stein. This white-haired, pipe-
smoking, wrinkle-clothed man
joins the few other geniuses like
Newton, Copernicus, Archime-
des, and Pythagoras who have
changed history.

Many people began praising
the German-born Einstein as
soon as they found out about his
death. This instant praise shows
everyone his important place in
history. President Eisenhower
said that no other man had add-
ed so much knowledge to the
20th century. The Prime Min-
ister of Israel, Moshe Sharett,
also said that the world has lost
its leading genius. Even in Rus-
sia, behind the “lron Curtain,’
memorials were held. Russia’s
official newspaper Pravda said
that Einstein transformed natu-
ral science.

Einstein’s achievements are bet-
ter known to people he worked
with and to his students, who
still work to understand and test
his theories. Some examples of
his accomplishments are:

* His science-changing way of
looking at light as not just a
wave, but also a particle

* His “theory of special relativ-
ity,” which explains that noth-
ing in the Universe can move
faster than the speed of light

e His famous equation, E=mc?,
which explains how energy
can change into matter, and
matter can change into en-
ergy

* His theory of gravitation,
which bends space-time

By putting all of Einstein’s ideas

together, these are the basis for

all modern physics.

Non-scientists know that Ein-
stein was a genius, even if they
don’t really understand his theo-
ries. The average person knows
that the television and the hydro-
gen bomb came about because
of Einstein’s work, but the aver-
age person doesn’'t understand
how that happened. Just as
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Albert Einstein

most people don't exactly under-
stand how Einstein has changed
scientific thought, the nurse who
was standing next to Einstein
on his deathbed didn't under-
stand Einstein’s final words be-
cause they were spoken in Ger-
man. The nurse did not speak
German, and most of us do
not speak physics. Instead, we
just sense his importance. We
watch his life and accomplish-
ments like children watch a pa-
rade — we watch as his genius
passes by us. ¢




“YARDSTICKS” IN NEIGHBOR GALAXY
Double UNIVERSE’S SIZE

he Universe is twice as
I large as we thought. As-
tronomer Walter Baade
from California Institute of Tech-
nology measured the size of
the Universe using the giant
200-inch reflecting telescope at
Mount Palomar.

Baade’s measurements of the
Universe were difficult to make.
In order to measure the dis-
tances to stars and the scale
of the Universe, he first had to
discover a new measuring tool,
or “yardstick.” Until a few years
ago, there was only one mea-
suring tool astronomers knew
about, and they were using it
incorrectly. Blackouts in Los An-
geles during World War Il began
to fix the errors. These war-time
blackouts were periods of time
at night when people had to turn
off all of their lights or use heavy
curtains to block light from their
houses. This was done to re-
duce the chance of night-time
bombings or spying raids. Dur-
ing this time, light pollution was
reduced. This allowed astrono-
mers to study light from space
better.

The first “yardstick” astronomers
discovered was around the be-
ginning of the 20th century. The
yardstick was a kind of pulsing,
variable star called a Cepheid.
Cepheid stars are very bright,
then become very dim over a
period of time. The time over
which they vary (or pulsate)
takes between several days
to several weeks. Astronomer
Henrietta S. Leavitt of the Har-
vard Observatory was studying
the Magellanic Clouds, which
are small galaxies outside the

Milky Way.  While studying
them, she saw that brighter Ce-
pheids pulsed slower than dim-
mer ones. She thought this was
interesting because all of the
stars in the Magellanic Clouds
are basically the same distance
from earth. This means that the
speed that the Cepheids pulsate
is a clue about their brightness,
or luminosity. If astronomers
compare how bright the stars
really are to how bright they
look (their apparent magnitude),
their distance can be calculated.

For example, imagine that an
astronomer sees a dim Cepheid
star in the Milky Way galaxy. The
astronomer can then determine
if the star is close by or far away
by observing how fast it pul-
sates. They use Miss Leavitt’s
brightness/pulsation  relation-
ship to do this. If the pulsing is
fast, then the star really is dim
and not far away. If the star is
pulsing slowly, then the star is
actually bright and only looks
dim because

Shapley standardized the Ce-
pheid “yardstick” so he could
measure the distance of both
fast-period and slow-period Ce-
pheids inside the globular star
clusters and outside the star
clusters in the Milky Way galaxy.

During a speech at an awards
ceremony of the Astronomical
Society of the Pacific, Baade
said that these discoveries and
calculations of Cepheid star
distances set up a period-lumi-
nosity relationship that was ac-
cepted for the next 30 years.

The problem was that the yard-
stick had flaws. In 1931, Dr.
Edwin Hubble began to study
the starlight from globular star
clusters in the Andromeda Gal-
axy, which is near the Milky
Way. For some reason, those
star clusters were burning more
dimly than similar star clusters
in our Milky Way galaxy. This

“Yardsticks " continued on page :
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it is very far
away.

After Miss
Leavitt fin-
ished her

work, astron-
omer Solon
Bailey discov-
ered that the
same seemed

to be true
for Cepheid
stars  found

in dense star
clusters in our
own galaxy.
Next, astron-
omer Harlow
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Below: This 200-inch Hale telescope at Mt. Palomar, com-
pleted in 1949, confirmed the size of the Universe.



Radio “Ear” on the Universe Being Built

he Earth’s largest steerable

I radio antenna for studying
radio waves from space is
being built. The huge, 250-foot-
wide metal dish of the Mark | radio
telescope is designed to be fully

adjustable.

Astronomers have found that the
sky glows not only in visible light,
but also in radio waves. The tele-
scope, being built at Jodrell Bank
in England, will let astronomers
explore the entire sky for radio
transmissions. Astronomers can’t
do that today. It will be able to
study the newly discovered 1420.4
megahertz radio emissions that
scientists think is coming from
hydrogen gas at the center of the
Milky Way.

The radio telescope, called MK1,
will replace an older antenna al-
ready at Jodrell Bank. That an-
tenna is only partly adjustable. It

needs the spin of the Earth in its
orbit to change the antenna’s view
of the sky.

Even though the older antenna
has its limits, the 8-year-old par-
abolic aerial antenna has led to

made was that there were radio
emissions coming from the Great
Andromeda Nebula and that the
brightest radio emitter in the night
sky is from a little nebula in the
constellation Cassiopeia. ¢

some impor-
tant discov-
eries. The

antenna’s de-

signer, Dr. Ber-

nard Lovell of

the University
of Manchester,
said the older
antenna’s dis-
coveries con-
vinced people
to build the
new Mark 1 an-
tenna. One of
the most sur-
prising discov-
eries the old-
er telescope
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The Jodrell Bank's Mark I radio telescope being built.

“Yardsticks” continued from page 2

difference meant that either the
globular clusters in Andromeda
were different than the ones in
our Milky Way or that Androm-
eda was farther away than as-
tronomers originally calculated.

The answer came during the
wartime blackouts in California
in 1943. Dr. Baade made ob-
servations during these times,
when the night skies were dark-
er. He used the power of the
100-inch telescope at the Mount
Wilson Observatory near Los
Angeles to study Andromeda’s
star clusters again.

Using special photographic
plates that are sensitive to red
light, Dr. Baade discovered two
different groups of stars:

* Redder, dimmer “Type II”

stars in globular clusters
were close to Andromeda’s
center and in the surround-
ing halo (the same set-up as
in the Milky Way)

e Bluer, brighter “Type I” vari-
able stars were in open clus-
ters in Andromeda’s disk, or
outer spiral arms.

Dr. Baade said that Shapley
did not realize that Cepheids
found in globular clusters had
a different period-luminosity re-
lationship as compared to Ce-
pheid stars found in open clus-
ters. Shapley made the mistake
when he treated them the same
on his “yardstick.” This would
be like making the mistake of
using a yardstick the same as a
meter stick. The yardstick would
be the Type | Cepheid and the
meter stick would be the Type Il

Cepheid.

At Mount Palomar Observatory,
Baade and his computer assis-
tant Henrietta Swope recently
confirmed that both Type | and
Type Il Cepheids are very differ-
ent types of stars. After re-cali-
brating his measuring sticks, in
1952 Dr. Baade surprised other
astronomers at a Rome meeting
of the International Astronomi-
cal Union. At the meeting, he
announced that the Andromeda
galaxy was not 800,000 light
years away, like Hubble thought,
but 1.8 million light years away.
With the two different measuring
sticks figured out, the Universe
astronomers knew in 1929 to be
one billion light years wide has
now doubled to two billion light
years across. ¢




Origin of Everything: Hot Bang or Ageless Universe?

id the Universe always
Dexist? Does it have a

beginning, middle, and
end? Itis hard to imagine ques-
tions tougher than these. This
subject was just talked about at
a meeting of the National Acad-
emy of Sciences in Pasadena,
California.

Some people say the Universe
is ageless, and that the Universe
looks like it stays the same, or
in a “steady-state.” At the con-
ference in California, this side of
the argument was presented by
astrophysicist Jesse L. Green-
stein and physicist William A.
Fowler from the California In-
stitute of Technology (Caltech).
This steady-state theory, as it is
known, says that the Universe
always has, and always will, look
mostly like it looks today.

Another theory, the “evolution-
ary theory,” competes with the
steady-state theory. The evolu-
tionary theory says a beginning
collection of hot particles ex-
ploded at the beginning of time.
These particles formed all of the
Universe’s hydrogen (and may-
be its helium) in one huge event.

In completely different ways,
both theories explain that the
Universe is expanding. The ex-

pansion of the Universe was first
found in 1914, when an Ameri-
can astronomer named Vesto
Slipher studied some galaxies
and saw that light from all of them
was “red-shifted.” All light travels
in waves. In the spectrum of vis-
ible light, red light has the lon-
gest wavelength. That means
if an object (like a galaxy) gives
off light and the object is mov-
ing away, then the movement
of the object makes the wave-
length longer, making the light
“red-shift.” This is like the sound
of a train moving away from you
making a lower sound as it gets
farther from you. Those sound
waves are also getting longer.

The steady-state theory explains
the expansion of the Universe
from the continuous bubbling up
of the element hydrogen, coming
from empty space at a speed of
one particle for every cubic me-
ter of space every 300,000 years
or so. This hydrogen finally gath-
ers together and condenses into
stars. Then, through nuclear
fusions in the center of stars,
where hydrogen atoms combine
to form larger elements, stars
make all of the heavier elements
like carbon, oxygen, silicon, iron,
copper, etc. Then, as stars age,
die, and explode, they scatter
the heavier elements around

the galaxies. These heavier el-
ements then mix with other hy-
drogen, and new stars form with
rocky planets around them—just
like our own Solar System. Sci-
entists Greenstein and Fowler
used red giant stars from our
own galaxy, which make heavy
elements, as evidence for the
steady-state theory.

An important part of the steady-
state Universe theory is that the
Universe does change in some
ways over time. Hoyle, a sci-
entist who supports the theory,
compares the deathless steady-
state theory to a river. The Uni-
verse might look like it doesn’t
change, but there is plenty of
movement and change under
the surface, much like a river is
constantly changing beneath the
surface. There is an old river
saying that says that you can
never step into the same river
twice. The same could be said
about the Universe.

In contrast, there is the “evolu-
tionary theory” An American
physicist who was born in Rus-
sia, George Gamow, along with
physicists Ralph Alpher and
Robert Herman, developed this
theory. These scientists say that
the explosion and radioactive

“Origin” continued on page 5
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Evolutionary Theory:

Density of matter decreases over time

e @ w

Steady State Theory:
Density of matter is constant over time
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Hllustration of the matter-density history of the Universe according to the evolutionary theory (left) and the steady state

theory (right).



“Origin” continued from page 4

decay of a hot ball of neutrons
at the birth of the Universe cre-
ated all hydrogen and some he-
lium. These elements formed
as the blast expanded and then
cooled. The very first stars were
made up only of the original hy-
drogen and helium. Then those
stars fused hydrogen and he-
lium into new, heavier elements.
The new, heavier elements were
then scattered through the gal-
axies when the first stars died,
and this made more complex
mixtures of elements found in
stars today.

The evolutionary theory also
explains why galaxies are mov-
ing away from each other. The
galaxies are still moving from
the power of the initial explosion.
Newton’s laws of motion help to
explain this. Newton found that
an object in motion will remain in
motion unless an outside force
acts on it. And there might be
other direct evidence of an origi-
nal blast as well. Both Alpher
and Herman predicted there
would be a very small, left-over
heat from the explosion that
would still exist in the form of
stretched-out light waves called
“‘microwaves.” The microwaves
would be just a few degrees
above absolute zero. The only
problem is that no one has yet
figured out how to detect these
left-over microwaves.

More evidence for an evolution-
ary Universe comes from Edwin
Hubble’s 1929 measurements
of the speed of galaxies out-
side our galaxy. Hubble found
that the farther away a galaxy is,
the faster it seems to be moving
away. If there was an ancient

HOYLE Scoffs AT “BIG
BANG” UNIVERSE THEORY

uring a recent radio broad-
Dcast, British cosmologist

Fred Hoyle criticized the
evolutionary theory of the Uni-
verse. This theory competes with
Hoyle’s belief in the steady-state
theory of the Universe. Both
theories try to explain where and
when all elements in the Uni-
verse were made. Hoyle called
Gamow’s theory a ridiculous “big
bang’

Gamow’s evolutionary theory of
the Universe says an initial group
of super-hot nuclear fusions
of basic particles created all of
the hydrogen in the Universe in
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Fred Hoyle

one explosion. This same blast
caused space itself to expand.
The continuous expansion from
that “big bang” is observed by
astronomers today.

Hoyle strongly disagrees with
this theory. He wrote that
Gamow’s theory cannot be de-
scribed in scientific terms and
can’t be challenged by observa-
tion.

One problem, Hoyle said, is
that the “big bang” theory needs
something to exist before the
bang, and no one knows what
that might be. But, if the Uni-
verse is eternal and stars are
always being made, and for-
ever make heavier elements,
as Hoyle says, then there is no
need for an initial explosion. Re-
cent advances in physics seem
to support Hoyle’s “steady-state”
view. Pressures and tempera-
tures inside stars seem to be
able to make all the heavy ele-
ments seen in space today. ¢

blast that started the Universe,
that is the exact thing scientists
would expect to find.

The bad part of an evolution-
ary Universe is that it doesn't
have a happy ending. There is
a limited supply of hydrogen (the
steady-state theory provides an
unlimited supply of hydrogen).
In the evolutionary Universe, the
Universe might expand forever
and will finally run out of hydro-
gen. The stars will burn out, and
the Universe will cool down into
a huge graveyard of dead stars.

Another possibility of the future
of the evolutionary Universe is
that gravity of all matter might
eventually pull everything back
together again in a gigantic col-
lapse that explodes and starts
the Universe all over again. This
possibility is an endlessly ex-
ploding and collapsing Universe
that was described by the late
physicist Richard Tolman from
CalTech.

Which theory is correct? Only
more research and better tele-
scopes will be able to tell us. ¢
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IT’S A STAR!

IT°’S A NOVA!

IT’S A SUPER-NOVA!

stronomers say that there
Ais more than one kind of

“‘new” star in the sky. They
have been collecting evidence
for decades that there are two
types of novae, which are stars
that light up suddenly to great
brightnesses and then fade
away. Astronomers now know
that there are the ordinary novae
and the truly “super” novae.

The first clue astronomers had of
super-novae was 35 years ago.
Edwin Hubble, who died recent-
ly, was using his revolutionary
method for measuring distances
in space, when he calculated
that a nova that was observed
in 1885 in the Andromeda Gal-
axy must have been 100 times
brighter, or more luminous, than

any nova that had been recently
observed in our own Milky Way
galaxy.

Fourteen years later, in 1934,
physicists Walter Baade and
Fritz Zwicky used the term “su-
per-nova” when they found that
these novae were not just bright-
er than normal nova, but were
rare events in any particular gal-
axy. They thought that the most
recent super-novae in our own
galaxy were seen by Johannes
Kepler in 1604, and another one
seen by Danish astronomer Ty-
cho Brahe in 1572.

New super-nova observations
were added in 1941 by astron-
omer Rudolph Minkowski. He
found the light from 14 far-off

super-novae and split the light
into their component colors. He
found that nine of the spectrums
contained no evidence for hy-
drogen gas in the super-novae,
and that five other super-novae
did contain hydrogen. Super-no-
vae without hydrogen are Type |
super-novae. Super-novae with
hydrogen are called Type |l su-
per-novae. British astronomer
Fred Hoyle says that a possible
reason for this is the amount of
energy in their deaths may be
different. Giant stars that be-
come super-novae might be able
to fuse hydrogen and helium to
make heavier elements like car-
bon and iron. These super-no-
vae, then, are not only “super,’
but Stars of Steel! ¢

Image showing a super-nova in a barred spiral galaxy a few days after peak brightness (left), and the same field two

months later, when the super- nova had become much fainter.
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